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PURPOSE: To provide a highly reliable organic electrolytic secondary battery. 

CONSTITUTION: In a battery having a negative electrode consisting of a carbon material capable of storing 
and releasing lithium, a positive electrode, and an organic electrolyte consisting of a solvent and a solute, a 
mixture of a cyclic carbonate and an acyclic sulfone is used for the solvent. Thus, the reduction in 
discharge capacity accompanying the progress of charge and discharge cycle which is a problem of 
batteries of this kind can be effectively suppressed. 
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* NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The organic electrolytic-solution rechargeable battery which is a cell equipped with the negative 
electrode which consists of a carbon material in which the occlusion and discharge of a lithium are possible, 
a positive ielectrode, and the organic electrolytic solution which consists of 3 solvent and a solute, and is 
characterized by the aforementioned solvent containing annular carbonate and the un-annular sulfone. 
[Claim 2] The organic electrolytic-solution rechargeable battery according to claim 1 whose annular 
carbonate is one or more sorts chosen from ethylene carbonate and propylene carbonate. 
[Claim 3] The organic electrolytic-solution rechargeable battery of the claim 1 or 2 publications whose 
un-ahnular sulfones are one or more sorts chosen from a dimethyl sulfone, an ethyl methyl sulfone, and a 
diethyl sulfone. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this, invention relates to the lithium cell which is the high-energy density as the 
power supply for a drive or' memory maintenance power supply of electronic equipment, and has high 
reiiabiiity. 
[0002] 

[Description of the Prior Art] With the formation of small lightweight with rapid electronic equipment, to the 
cell which is the power supply, it is small, lightweight, and high-energy density, and the demand to 
development of the rechargeable battery in which repeat charge and discharge are still more possible is 
increasing. As a rechargeable battery which fills these demands, an organic electrolytic-solution 
rechargeable battery is the most promising. 

[0003] Various things, such as lithium cobalt multiple oxides including 2 titanium sulfides, a spinel type 
lithium manganic acid ghost, a vanadium pentoxide, and a molybdenum trioxide, are examined by the positive 
active material of an organic electrolytic-solution rechargeable battery. Especially, a lithium cobalt multiple 
oxide (LiCo02) and a spinel type lithium manganic acid ghost (LiMn 204) are using as a positive electrode, in 
order [ more than 4V (Li/Li+) ] to perform charge and discharge by electropositive potential extremely, and 
the cell which has high discharge voltage can be realized. 

[0004] As for the negative-electrode active material of an organic electrolytic-solution rechargeable battery, 
although various things, such as Li-aluminum alloys, carbon materials, etc. of a lithium including a metal 
lithium in which occlusion and discharge are possible, are examined, a carbon material has the advantage 
that a cell with a long cycle life with high and safety is obtained, especially. 

[0005] However, in this seed cell, while making into a negative-electrode active material the lithium which . 
has **** potential, in order to use the metallic oxide which has electropositive potential, it is in the situation 
that the electrolytic solution is easy to be decomposed in a negative electrode and each positive electrode 
in a positive electrode. Therefore, in selection of the electrolytic solution, it is indispensable to consider as 
the composition in consideration of these points, and using the various electrolytic solutions is proposed. 
For example, the mixed electrolytic solution (refer to JP,4-171674,A) with the electrolytic solution (refer to 
JP.3-1 52879.A), and the annular carbonate and chain-like carbonate containing a dimethyl sulfone etc. is 

raised. . , 

[0006] On the other hand, generally as a solute, the lithium perchlorate, the trifluoromethane sulfonic-acid 
lithium, the 6 fluoride [ phosphoric acid ] lithium, etc. are used. A 6 fluoride [ phosphoric acid ] lithium is 
briskly used increasingly especially in recent years from the reason the ion conductivity of the electrolytic 
solution in which safety made it dissolve highly is high. 

[0007] However, although the dimethyl sulfone had the thermal stability and the oxidation-resistant ability 
which were excellent in itself, by the cell which used for the negative electrode the carbon material in which 
the occlusion and discharge of a lithium are possible, a good charge-and-discharge cycle property was not 
acquired. On the other hand, although the mixed electrolytic solution of annular carbonate and chain-like 
carbonate showed the good cycle property under the room temperature, under the elevated temperature, 
degradation became large. 
[0008] 

[Means for Solving the Problem] this invention is a cell equipped with the negative electrode which consists 
of a carbon material in which the occlusion and discharge of a lithium are possible, a positive electrode, and 
the organic electrolytic solution which consists of a solvent and a solute, and the above-mentioned problem 
is solved by using the mixture of annular carbonate and an un-annular sulfone compound for the 
aforementioned solvent at least. 

[0009] In addition, when using the high carbon material of a degree of graphitization for a negative electrode, 
it is desirable to use a dimethyl sulfone, an ethyl methyl sulfone, and a diethyl sulfone as an un-annular 
sulfone for obtaining the cell which is excellent in a high-rate-discharge performance in ethylene carbonate 
as annular carbonate. 

[0010] _ 
[Function] As mentioned above, by this seed cell, it is easy to produce the decomposition reaction of the 
electrolytic solution, and has become! the main factor to which this degrades a cell performance. However, 
when the mixture of annular carbonate and an un-annular sulfone compound was used for the electrolytic 
solution, it excelled in the preservation property, and a cycle property also finds out that a good cell is 
obtained and came to complete this invention. Although this reason is not clear, it has guessed as following. 
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[001 1] Since it is small compared with the molecule of annular carbonate, such as ethylene carbonate and 
propylene carbonate, the molecule of the un-annular sulfone represented by the dimethyl sulfone is easy to 
be incorporated between the layers of negative-electrode carbon with a lithium ion at the time of charge. 
The distance between layers of negative-electrode carbon is pushed up by it. Therefore, destruction of the 
layer structure of negative-electrode carbon progresses as the occlusion and discharge of the lithium ion by 
charge and discharge are repeated, and it is thought that the fall of cell capacity had arisen. 
[0012] However, if annular carbonate and an un-annular sulfone are mixed like this invention, in order that 
annular carbonate may form the protective film of lithium ion conductivity in a negative-electrode carbon 
front face and may suppress incorporation of a between [ the negative-electrode carbon layers of an 
un-annular sulfone molecule ], destruction of the layer structure of negative-electrode carbon also comes 
to be suppressed. Furthermore, it is thought that the electrolytic solution of this invention shows the cycle 
performance which was excellent under the elevated temperature since the chain-like carbonate inferior to 
the stability under an elevated temperature was not contained. 

[0013] . 
[Example] Although this invention is explained below using a suitable example, unless the meaning of this 
invention is exceeded, it is not limited to the following examples. 

[0014] A positive electrode carries out pressurization moiding, after mixing enough the carbon powder as a 
lithium cobalt multiple oxide (LICo02) and an electric conduction agent, and the fluororesin powder as a 
binder by the weight ratio of 90:3:7. A negative electrode carries out pressurization molding, after mixing a 
graphite powder and the fluororesin powder as a binder enough by the weight ratio of 91:9. 
[0015] Drawing 1 is 1 example cell of this invention. In this drawing, it is the obturation board which serves 
as the negative-electrode terminal into which the case which serves as the positive-electrode terminal 
which 1 pierced the stainless steel plate of electrolytic-solution-proof nature, and was processed, and the 
stainless steel plate as 1 with 2 [ same ] were pierced and processed, and the negative electrode 3 is 
contacted by the wall. The separator which consists of polypropylene into which 5 sank the organic 
electrolytic solution, and 6 are positive electrodes. The cell is carrying out sealing obturation by binding tight 
the periphery of the obturation board 2 which serves as a negative-electrode terminal the opening edge of 
the case 1 which serves as a positive-electrode terminal through a caulking and a gasket 4 to the inner 
direction. 

[0016] What dissolved the 6 fluoride [ phosphoric acid ] lithium in the organic solvent which mixed ethylene 
carbonate and the dimethyl sulfone by the volume ratio 1:1 by the concentration of one mol/l. was used for 
the organic electrolytic solution. It did about 1 SOmicrol pouring in of the above-mentioned electrolytic 
solution at the cell. This cell size is 2mm in the diameter of 20mm, and height, this invention cell was set to 
(A). 

[0017] In the above-mentioned example, everything but having used the ethyl methyl sulfone and the diethyl 
sulfone, respectively set to (B) and (C) the cell of this invention considered as the same composition as this 
example instead of the dimethyl sulfone. 

[0018] Everything but furthermore having used the mixture (volume ratio 1:1) of ethylene carbonate and 
diethyl carbonate for comparison made a (a) the comparison cell considered as the same composition as the 
cell of this invention. 

[0019] Next, it is 300 cycle ******** about the charge-and-discharge cycle-life examination which 
discharges until it charges these cells by the 2.0mA constant current until terminal voltage results in 4.2V, 
and it continues and terminal voltage similarly amounts to 2.7V in a 2.0mA constant current in a thermostat 
with a temperature of 60 degrees C. Change of the service capacity accompanying advance of the 
charge-and-discharge cycle of each cell is shown in drawing 2 . 

[0020] the Ming kana from the result of drawing 2 — this invention cell (A) using the mixed solvent of 
annular carbonate and an un-annular sulfone, (B), and (C) have [ like ] the small fall of the service capacity 
accompanying advance of a charge-and-discharge cycle compared with a comparison cell (a) 
[0021] In addition, although the above-mentioned example explained the case where ethylene carbonate was 
used as annular carbonate, if the high carbon material of a degree of graphitization is not used for a negative 
electrode, the mixed solvent of propylene carbonate, ethylene carbonate, and propylene carbonate can be 
used instead of ethylene carbonate. 

[0022] In the above-mentioned example, especially although the case where annular carbonate and an 
un-annular sulfone were mixed by the volume ratio 1:1 was explained, it is not limited. The addition to the 
annular carbonate of these un-annular sulfones has desirable 20 - 80 volume % to both total amount. 
Because, it is to become easy to solidify the electrolytic solution at low temperature, if ethylene carbonate 
with the high congealing point is used when the content of a sulfone compound is under 20 volume %, and for 
the ion conductivity of the electrolytic solution to fall, if the content of a sulfone compound with a low 
dielectric constant exceeds 80% on the other hand. 

[0023] Moreover, as a sulfone compound used by this invention, although at least one or more sorts, such as 
a dimethyl sulfone, an ethyl methyl sulfone, and a diethyl sulfone, can be used, for example, a dimethyl 
sulfone is the point of ion conductivity and an ethyl methyl sulfone is desirable especially in respect of 
low-temperature-performance ability. m 
[0024] Although the case where a lithium cobalt multiple oxide was used as a positive active material was 
furthermore explained in the above-mentioned example, it is not limited to especially this. Various things, 
such as manganese dioxide including 2 titanium sulfides and a lithium nickel multiple oxide (LiNi02), a spinel 
type lithium manganic acid ghost (LiMn 204), a vanadium pentoxide, and a molybdenum trioxide, can be used. 
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[0025] Although this example explained the case where the mixed stock of annular carbonate and an 
un-annular sulfone was used for an organic solvent, it can add as the 3rd component and the organic solvent 
conventionally used with the lithium cell can be used. For example, chain-like carbonate, such as ether 
solvents, such as annular sulfur compounds, such as ester solvents, $uch as gamma-butyrolactone and a 
methyl fall mate, and a sulfolane, 1, 2-dimethoxyethane, and a tetrahydro furan, dimethyl carbonate, ethyl 
methyl carbonate, and diethyl carbonate, etc. is raised. As an electrolyte, one or more sorts, such as a 
lithium perchlorate, a 6 fluoride arsenic-acid lithium, 4 fluoride lithium borate, a trifluoromethane 
sulfonic-acid lithium, and a fluosulfonic-acid lithium, can be used. 

[0026] In addition, although each cell concerning the aforementioned example is a coin form cell, the same 
effect is acquired even if it applies this invention to a cylindrical shape, a square shape, or a paper form cell. 
[0027] . 

[Effect of the Invention] As mentioned above, in a cell equipped with the negative electrode which consists 
of a carbon material in which the occlusion and discharge of a lithium are possible, a positive electrode, and 
the organic electrolytic solution which consists of a solvent and a solute, the fall of the service capacity 
accompanying advance of the charge-and-discharge cycle which is the problem of this seed^cell^can be 
effectively suppressed by using the mixture of annular carbonate and an un-annular sulfone for the 
aforementioned solvent, and the industrial value is size very much. 



[Translation done.] 
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TECHNICAL FIELD 

[Industrial Application] this invention relates to the lithium cell which is the high-energy density as the 
power supply for a drive or memory maintenance power supply of electronic equipment, and has high 
reliability. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] As mentioned above, in a cell equipped with the negative electrode which consists 
of a carbon material in which the occlusion and discharge of a lithium are possible, a positive electrode, and 
the organic electrolytic solution which consists of a solvent and a solute, the fall of the service capacity 
accompanying advance of . trie charge^and-discharge cycle which is the problem of this seed cell can be 
effectively suppressed by using the mixture of annular carbonate and an un-annular sulfone for the 
aforementioned solvent, and the industrial value is size very much. 
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TECHNICAL PROBLEM ' 

[Description of the Prior Art] With the formation of small lightweight with rapid electronic equipment, to the 
cell which is the power supply, it is small, lightweight, and high-energy density, and the demand to 
development of the rechargeable battery in which repeat charge and discharge are still more possible is 
increasing. As a rechargeable battery which fills these demands, an organic electrolytic-solution 
rechargeable battery is the most promising. .__*... 
[0003] Various things, such as lithium cobalt multiple oxides including 2 titanium sulfides, a spinel type 
lithium manganic acid ghost, a vanadium pentoxide, and a molybdenum trioxide, are examined by the positive 
active material of an organic electrolytic-solution rechargeable battery. Especially, a lithium cobalt multiple 
oxide (LiCo02) and a spinel type lithium manganic acid ghost (LiMn 204) are using as a positive electrode, in 
order [ more than 4V (Li/Li+) ] to perform charge and discharge by electropositive potential extremely, and 
the cell which has high discharge voltage can be realized. • 

[0004] As for the negative-electrode active material of an organic electrolytic-solution rechargeable battery, 
although various things, such as Li-aluminum alloys, carbon materials, etc. of a lithium including a metal 
lithium in which occlusion and discharge are possible, are examined, a carbon material has the advantage 
that a cell with a long cycle life with high and safety is obtained, especially. 

[0005] However, in this seed cell, while making into a negative-electrode active material the lithium which 
has **** potential, in order to use the metallic oxide which has electropositive potential, it is in the situation 
that the electrolytic solution is easy to be decomposed in a negative electrode and each positive electrode 
in a positive electrode. Therefore, in selection of the electrolytic solution, it, is indispensable to consider as 
the composition in consideration of these points, and using the various electrolytic solutions is proposed. 
For example, the mixed electrolytic solution (refer to JP,4-171674,A) with the electrolytic solution (refer to 
JP,3-1 52879,A), and the annular carbonate and chain-like carbonate containing a dimethyl sulfone etc. is 
raised 

[0006] On the other hand, generally as a solute, the lithium perchlorate, the trifluoromethane sulfonic-acid 
lithium, the 6 fluoride [ phosphoric acid ] lithium, etc. are used. A 6 fluoride [ phosphoric acid ] lithium is 
briskly'used increasingly especially in recent years from the reason the ion conductivity of the electrolytic 
solution in which safety made it dissolve highly is high. • 
[0007] However, although the dimethyl sulfone had the thermal stability and the oxidation-resistant ability 
which were excellent in itself, by the cell which used for the negative electrode the carbon material in which 
the occlusion and discharge of a lithium are possible, a good charge-and-discharge cycle property was not 
acquired. On the other hand, although the mixed electrolytic solution of annular carbonate and chain-like 
carbonate showed the good cycle property under the room temperature, under the elevated temperature, 
degradation became large. 
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MEANS 



[Means for Solving the Problem] this invention is a cell equipped with the negative electrode which consists 
of a carbon material in which the occlusion and discharge of a lithium are possible, a positive electrode, and 
the organic electrolytic solution which consists of a solvent and a solute, and the above-mentioned problem 
is solved by using the mixture of annular carbonate and an un-annular sulfone compound for the 
aforementioned solvent at least. . t : , 

[0009] In addition, when using the high carbon material of a degree of graphitization for a negative electrode, 
it is desirable to use a dimethyl sulfone, an ethyl methyl sulfone, and a diethyl sulfone as an un-annular 
sulfone for obtaining the cell which is excellent in a high-rate-discharge performance in ethylene carbonate 
as annular carbonate. 
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OPERATION 



[Function] As mentioned above, by this seed cell, it is easy to produce the decomposition reaction of the 
electrolytic solution, and has become the main factor to which this degrades a cell performance. However, 
when the mixture of annular carbonate and an un-annular sulfone compound was used for the electrolytic 
solution, it excelled in the preservation property, and a cycle property also finds out that a good cell is 
obtained and came to complete this invention. Although this reason is not dear, it has guessed as foiiowing. 
[0011] Since it is small compared with the molecule of annular carbonate, such as ethylene carbonate and 
propylene carbonate, the molecule of the un-annular sulfone represented by the dimethyl sulfone is easy to 
be incorporated between the layers of negative-electrode carbon with a lithium ion at the time of charge. 
The distance between layers of negative-*electrode carbon is pushed up by it. Therefore, destruction of the 
layer structure of negative-electrode carbon progresses as the occlusion and discharge of the lithium ion by 
charge and discharge are repeated, and it is thought that the fall of cell capacity had arisen. 
[0012] However, if annular carbonate and an un-annular sulfone are mixed like this invention, in order that 
annular carbonate may form the protective film of lithium ion conductivity in a negative-electrode carbon 
front face and may suppress incorporation of a between [ the negative-electrode carbon layers of an 
un-annular sulfone molecule ], destruction of the layer structure of negative-electrode carbon also comes 
to be suppressed. Furthermore, it is thought that the electrolytic solution of this invention shows the cycle 
performance which was excellent under the elevated temperature since the chain-like carbonate inferior to 
the stability under an elevated temperature was not contained. 
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E XAMPLE , ; 

[Example] Although this invention is explained below using a suitable example, unless the meaning of this 
invention is exceeded, it is not limited to the following examples. 

[0014] A positive electrode carries out pressurization molding, after mixing enough the carbon powder as a 
lithium cobalt multiple oxide (UCo02) and an electric conduction agent, and the fluororesin powder^as a 
bind r by the weight ratio of 90:3:7. A negative eiectrode carries out pressurizatipn molding, after mixing a 
graphite powder and the fluororesin powder as a binder enough by the weight ratio of 91:9. 
[0015] Drawing 1 is 1 example cell of this invention. In this drawing, it is the obturation board which serves 
as the negative-electrode terminal into which the case which serves as the positive-electrode terminal 
which 1 pierced the stainless steel plate of electrolytic-solution-proof nature, and was processed, and the 
stainless steel plate as 1 with 2 [ same ] were pierced and processed, and the negative electrode 3 is 
contacted by the wall. The separator which consists of polypropylene into which 5 sank the organic 
electrolytic solution, and 6 are positive electrodes. The cell is carrying out sealing obturation by binding tight 
the periphery of the obturation board 2 which serves as a negative-electrode terminal the opening edge of 
the case 1 which serves as a positive-electrode terminal through a caulking and a gasket 4 to the inner 
direction. , ., , 

[001 6] What dissolved the 6 fluoride [ phosphoric acid ] lithium in the organic solvent which mixed ethylene 
carbonate and the dimethyl sulfone by the volume ratio 1:1 by the concentration of one mol/l. was used for 
the organic electrolytic solution. It did about 1 SOmicrol pouring in of the above-mentioned electrolytic 
solution at the cell. This cell size is 2mm in the diameter of 20mm, and height, this invention cell was set to 
(A). 

[0017] In the above-mentioned example, everything but having used the ethyl methyl sulfone and the diethyl 
sulfone, respectively set to (B) and (C) the cell of this invention considered as the same composition as this 
example instead of the dimethyl sulfone. ■ • „ 

[0018] Everything but furthermore having used the mixture (volume ratio 1:1) of ethylene carbonate and 
diethyl carbonate for comparison made a (a) the comparison cell considered as the same composition as the 
cell of this invention. . 
[0019] Next, it is 300 cycle ******** about the charge-and-discharge cycle-life examination which 
discharges until it charges these cells by the 2.0mA constant current until terminal voltage results in 4.2V, 
and it continues and terminal voltage similarly amounts to 2.7V in a 2.0mA constant current in a thermostat 
with a temperature of 60 degrees C. Change of the service capacity accompanying advance of the 
charge-and-discharge cycle of each cell is shown in drawing 2 . 

[0020] the Ming kana from the result of drawing 2 — this invention cell (A) using the mixed solvent of 
annular carbonate and an un-annular sulfone, (B), and (C) have [ like ] the small fall of the service capacity 
accompanying advance of a charge-and-discharge cycle compared with a comparison cell (a) 
[0021] In addition, although the above-mentioned example explained the case where ethylene carbonate was 
used as annular carbonate, if the high carbon material of a degree of graphitization is not used for a negative 
electrode, the mixed solvent of propylene carbonate, ethylene carbonate, and propylene carbonate can be 
used instead of ethylene carbonate. 

[0022] In the above-mentioned example, especially although the case where annular carbonate and an 
un-annular sulfone were mixed by the volume ratio 1:1 was explained, it is not limited. The addition to the 
annular carbonate of these un-annular sulfones has desirable 20 - 80 volume % to both total amount. 
Because, it is to become easy to solidify the electrolytic solution at low temperature, if ethylene carbonate 
with the high congealing point is used when the content of a sulfone compound is under 20 volume %, and for 
the ion conductivity of the electrolytic solution to fall, if the content of a sulfone compound with a low 
dielectric constant exceeds 80% on the other hand. 

[0023] Moreover, as a sulfone compound used by this invention, although at least one or more sorts, such as 
a dimethyl sulfone, an ethyl methyl sulfone, and a diethyl sulfone, can be used, for example, a dimethyl 
sulfone is the point of ion conductivity and an ethyl methyl sulfone is desirable especially in respect of 
low-temperature-performance ability. 

[0024] Although the case where a lithium cobalt multiple oxide was used as a positive active material was 
furthermore explained in the above-mentioned example, it is not limited to especially this. Various things, 
such as manganese dioxide including 2 titanium sulfides and a lithium nickel multiple oxide (LiNi02), a spinel 
type lithium manganic acid ghost (LiMn 204), a vanadium pentoxide, and a molybdenum trioxide, can be used. 

[0025] Although this example explained the case where the mixed stock of annular carbonate and an 
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uri-annular sulfone was used for an organic solvent, it can add as a third component and the organic solvent 
conventionally used with the lithium cell can be used. For example, chain-like carbonate, such as ether 
solvents, such as annular sulfur compounds, such as ester solvents, such as gamma-butyrolactone and a 
methyl fall mate, and a sulfolane, 1, 2-dimethoxyethane, and a tetrahydro furan, dimethyl carbonate, ethyl 
methyl carbonate, and diethyl carbonate, etc. is raised. As an electrolyte, one or more sorts, such as a 
lithium perchlorate, a 6 fluoride arsenic-acid lithium, 4 fluoride lithium borate, a trifluoromethane 
sulfonic-acid lithium, and a fluosulfonic-acicl lithium, can be used. 

[0026] In addition, although each cell concerning the aforementioned example is a coin form cell, the same 
effect is acquired even if it applies this invention to a cylindrical shape, a square shap , or a paper form cell. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] * 

[Drawing 11 It is drawing having shown the internal structure of the button cell which is an example of an 
organic electrolytic-solution rechargeable battery. 

[Drawing 2] It js the table having shown change of the service capacity accompanying advance of the 
charge-and-discharge cycle of an examination cell. 
[Description of Notations] 

1 Cell Case 

2 Obturation Board 

3 Negative Electrode 

4 Gasket 

5 Separator 

6 Positive Electrode 
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